). Cells injected with a small antiomer or the s-(+) inactive enantiomer. As was reported previously, blebbistatin s-(−) at 100 M caused amount of Alexa-546 phalloidin at prometaphase complete inhibition of cytokinesis [1]. Furthermore, the showed a similar concentration of fluorescence along s-(+) control isomer had no effect on cytokinesis or acthe equator as soon as furrowing initiated ( Figure S1 ). tin organization (data not shown). Under our experiAssuming that phalloidin equilibrates very slowly once mental conditions, there was no detectable effect of bound to actin filaments [4-6], the results suggest that blebbistatin on mitosis, and all observed mitotic cells myosin-II-ATPase activity is not required for the accuentered anaphase onset without a noticeable delay. Immulation of preexisting actin filaments into the equator munofluorescence of microtubules also showed a nor-(see [4] for the rationale of imaging injected phalloidin). mal organization (data not shown). However, furrow inIn the presence of blebbistatin, myosin II showed an gression failed within 3-4 min of exposure of anaphase equatorial concentration similar to that in control cells cells to blebbistatin, indicating that the drug was quick (Figures 2A and 2B) . to enter the cell and to inhibit the myosin II ATPase. In
against a myosin-II-driven equatorial contraction mechphase. In blebbistatin-treated cells, both actin and myanism that causes the cortical actin network to collapse osin II persisted along the equator long after (>30 min) and concentrate into the equator [9] . Furthermore, the the separation of chromosomes (Figures 2A and 2C) . In results suggest that the inhibition of cytokinesis by contrast, control cells showed a striking decrease in the blebbistatin is caused not by a defect in equatorial corpercentage of actin filaments along the equator after tical assembly but instead by defects in subsequent anaphase onset ( Figures 2B and 2C ). These results indisteps.
cate that myosin-II-ATPase activity is required for the postmitotic dissociation of equatorial actin and myosin-II filaments. The accumulating filaments may inhibit Myosin-II-ATPase Activity Is Required for Actin not only cortical ingression but also retraction along the and Myosin Disassembly during Late Stages equator, causing the equatorial region to form a bulge of Cell Division as seen in some treated cells ( Figure 2D ). We examined the dissociation of actin and myosin II from the equatorial region during and after late anaTo determine whether the inhibition of actin dissoci- involve either a "ripping" of actin filaments from the membrane by the contractile forces or an activation of an actin-severing or depolymerization mechanism. Such a cortical disassembly process has been implicated in an earlier ultrastructural analysis [11] and is likely responsible for removing the accumulating cortical materials in order for the ingression to continue.
Myosin II Functions Both along and outside the Equatorial Region during Cytokinesis
We found previously that local application of cytochalasin D at the equator not only failed to inhibit cytokinesis but also appeared to facilitate the furrowing process [12] . In contrast, application of cytochalasin D near the spindle poles inhibited cytokinesis. This raised the provocative possibility that crucial actin-myosin interactions for cytokinesis may occur outside the equatorial region. To address this question, we applied blebbistatin to a small (10-15 m diameter) region at the equator by using a microneedle to release the drug close Figure 3) . Together, these the equator but also possibly a global balance among observations suggest that mitotic exit has a global efcontractile forces, cortical rigidity, and structural infect in stabilizing the actin cortex, and that myosin-II tegrity. motor activities are required for maintaining the dynamics. It is worth noting that the amount of myosin in the furrow accounts for only about 10% of the total celConclusions In summary, our results suggest that equatorial myosin lular myosin in Dictyostelium [10] . Although the concentration of myosin II is higher along the equator than in II serves a dual role during cytokinesis: to generate the forces and to disassemble the cortex to allow ingresother cortical regions, the ratio of myosin II to actin filaments is likely to be similar throughout the cortex, sion. However, motor activity of myosin II is not necessary for the assembly of the equatorial band of myosin which explains the similar rate of actin turnover in control cells. and actin filaments. The possibility of coupled contraction and structural disintegration was proposed The delayed recovery, together with the accumulation of equatorial-actin filaments, indicates that myomore than two decades ago [13] , although myosin II was never suspected to play both roles. The action of sin-II motor activity is crucial for the turnover of actin filaments in the equatorial region. The process could myosin II may be compared to that of mitotic centro- Coulter, Fullerton, California). Localization of blebbistatin was California) was dissolved with 90% DMSO to make a stock solution achieved via a release needle paired with a suction needle [12] ; the of 100 mM, which was diluted 1:1000 with supplemented F-12K latter was prepared by breaking the tip of a microneedle and fire medium to obtain a working concentration of 100 M. After repolishing with a microforge (Narishige USA, Sea Cliff, New York). placement of the medium, the culture chamber was incubated for
The needles were mounted on a custom-made double micromanipa minimum of 20 min prior to recording or fixation. Fixation and ulator, and the flow was regulated with a combination of regulated fluorescent staining were performed as described previously [2] . compressed air and vacuum. NRK cells were rinsed with filtered Antibodies against myosin IIa were obtained from Covance Re-F-12K medium immediately before the experiment, and the culture search.
was layered with mineral oil (embryo tested; Sigma, St. Louis, MisBecause blebbistatin is known to be light sensitive [16] , microsouri) after drug application to prevent evaporation. Alexa-546 scope lamp intensity was maintained at a minimum and red cellophalloidin was prepared and microinjected as described previously phane filters (Edmund Scientific, Barrington, New Jersey) were 
